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CHAPTER I
INTRODUCTION
The disorder of stuttering presents a picture of
extreme variability, especially in its advanced stages.
Not only do the stuttering behaviors differ from stut
terer to stutterer, but also, as Bluemel (1932), Bloodstein (i960), and others have shown, they change in the
same stutterer as the disorder develops.

One of the

first detailed studies of the- observable or overt as
pects of stuttering was done by Barr (1940).

She reports

the following findings:
There were nine specific phenomena
observed directly as occurring more than
25% of the total moments of stuttering.
These were: repetition, prolongation,
silent interval, lip-tremor-pucker-etc.,
audible sound, eye-blink-close-etc.,
holding breath, jaw tremor-movement, move
ment of the forehead and eyebrows (p. 278).
Prins and Lohr (1968) studied visible and audible char
acteristics of the speech behavior in stutterers through
frame-by-frame analysis of motion pictures.

Jaw

oscillations, lip oscillations, and eyelid oscillations
were among the many phenomena they observed.
The present study was concerned with only one of
the behaviors descibed by these authors— the tremor
which frequently accompanies the stuttering act.
1
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Van Riper (1963) describes this as consisting of "tight
closures of the lips, the tongue, or the vocal cords . . .
and tiny but very swift vibrations . . .

in these struc

tures as a result of the tension" (p. 330).

Although

stuttering tremors have been mentioned and described
by the above and several other writers, the amount of
research dealing with them has been very scanty.

That

tremors in stuttering are important enough to deserve
investigation is indicated by the following quotation
from Robinson (1965)J
The tremors cause a child to feel
literally blocked in his efforts to talk.
Feelings of frustration change to fear. Fear
may change to panic. Escape is sought in any
possible way. Unfortunately, the very devices
that release the tremor and free the child to
talk serve only to complicate his problem (p. 62).
Van Riper (1963) stated that "tremors . . .

play a part

of supreme importance and are often overlooked or dis
regarded by those who could seek to understand the nature
of stuttering" (p. 330).

There is a considerable body

of knowledge available on the occurrence of tremor in
pathogenic and normal human beings which may be of im
portance to any investigation of the tremor in stuttering.
There is also a large amount of technical information
available on the transducers, recording techniques, and
analysis procedures pertaining to tremors which needs
assembling.

Most of these sources come from outside the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

field of Speech Pathology.

The literature concerning

the stuttering tremor has been primarily descriptive and
speculative.
The purpose of this study was to assemble the nec
essary information from the fields of neurology, phys
iology, medicine, and physics that relates to the study
of tremors in the stutterer} to evaluate and explore the
various

techniques ofrecording tremors which could be

applied

to stuttering behaviors;

and to apply one of

these techniques to the measurement of jaw tremor fre
quency during stuttering.

In the investigation of stut

tering tremors, it seemed necessary to make a compre
hensive

review of the literature dealing with stuttering

and all

other types of tremors.No such review, to this

writer’s knowledge, has ever been published.

Moreover,

the techniques used by other investigators for the ob
jective recording of tremors have not been critically
evaluated.

The present study was therefore an explor

atory one, in that it tried to assemble the known infor
mation about tremors in general and the stuttering tremor
in particular, and to illustrate how the latter may be
recorded by electromyography, by the accelerometer, and
by altering an electromagnetic field of force.
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CHAPTER II
REVIEW OP THE LITERATURE
This review of the literature will be presented in
two sections.

In the first section, the following topics

will be considered:

definition and characteristics of

tremor; pathological tremors; normal tremors; and tremors
in stuttering.

The second section will deal with methods

of recording and analysis.
Nature and Variety of Tremor Behaviors
Definition and characteristics of tremor
Although various definitions of tremor appear in the
literature, DeJong’s (1967) contains most of the features
mentioned by others and seems to be the one most commonly
accepted at the present time.

He states that ”a tremor

is a series of involuntary, relatively rhythmic, purpose
less, oscillatory movements which results from the alter
nate contraction of opposing groups of muscles” (p. 555).
Halliday and Resnick (1962) explain that "a motion that
is repeated at regular intervals of time is called pe
riodic” and that ”if the motion is back and forth over
the same path, it is called oscillatory or vibratory”
(p. 282).

However, there is much more implied in
4
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DeJong's simple definition.

First, there must be a des

cription of the place of tremor.

Most tremors that have

been studied are those which involve rotation about a
skeletal joint.
ample.

Finger tremor presents a typical ex

If the finger is held rigid and extended hor

izontally, the motion is around the metacarpophalangeal
joint.
motion.

However, this can be only a part of the total
If the arm is held horizontally outstretched and

unsupported, there is motion around each major joint; and
the finger tremor is only a part of the total vibratory
motion.

To adequately define the tremor location re

quires a complete description of the body restraints and
supports which are involved.

Tremors may be apparent in

one or more parts of the body, but in fact they may in
clude the entire body.

Tremor is best observed in distal

portions of the investigated structure, since it is at
the extremities that the motion is maximum.

The pendulum

on a grandfather clock provides an example.

In a given

time period, a point on the shaft which is one inch from
the pivot point will travel a shorter distance on an arc
than will the point at the end opposite the pivot.
Tremors, however, are not restricted only to move
ments around a skeletal joint.

They are also found in

structures such as the lips, eyelids, and tongue.

Here

the muscular or muscle-connective tissue structure moves
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about its point or points of attachment.

This motion

may be described as linear (one degree of freedom),
rotational, or any combination of the two, depending on
the reference point.
the

This can be further complicated in

case of the tongue, for example. In part,

is anchored to the mandible, which in

turn, is

thetongue
hingedat

the temporo-mandibular joint and is free to move rotationally around this joint.

Furthermore, the skull is

hinged at the cervical vertebrae.

Thus, it is possible

to conceive of the tongue tremor being superimposed upon
jaw tremor, and this in turn, superimposed upon head
tremor and so on.

This requires consideration of simple

and compound tremors.

According to DeJong (1967)5

A simple tremor has only one component;
it involves only a single group of muscles and
its agonists. A compound tremor involves
several groups of muscles and is composed
of
several elements in combination; this results
in a series of complex movements, as for
instance, alternate flexion and extension
together with alternate pronation and sup
ination (p. 535).
The terms frequency and rate have generally been
used interchangeably in the literature to describe one
feature of the oscillations.

Tremor rates have been

generally described as being slow, medium, or rapid.
Slow tremor rates are those from three to five oscil
lations per second; medium tremors oscillate at five to
ten cycles; and rapid tremors from ten to twenty cycles
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per second or higher.

Frequency is generally specified

in numerical values and in units of cycles per second
(cps) or Hertz (Hz), which are identical.

The Hertz

terminology has "been in common use since the mid 1960’s.
Tremors are not always perfect oscillations.

They

may he either constant or intermittent, and either
rhythmic or relatively non-rhythmic; hut a certain amount
of periodicity is always implied.

Tremors are not always

completely regular with respect to frequency or to ampli
tude.

Simple tremors tend to show nearly perfect sinus

oidal oscillations, whereas compound tremors show complex
waveforms.
Another parameter of tremors is amplitude.
the magnitude of the tremor oscillations.

This is

Tremors have

heen called coarse, medium, or fine, referring to the
amount of excursion from the baseline.

When one speaks

of amplitude, one must also specify which one of the
three possible measures of amplitude (displacement,
velocity, acceleration) is shown on a tremor record.
Displacement is the measure of the maximum distance moved
in a complete oscillation.

Its dimensions are stated in

terms of inches, centimeters, millimeters, etc.

Velocity

is the time rate of change of the displacement.

One

might call this the speed of the motion.

Velocity has

the dimensions of distance divided by time in seconds,
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e.g., millimeters per second (mm/sec).
the time rate of change of velocity.

Acceleration is
Its dimensions are

velocity divided hy time, e.g., millimeters per second
o
per second (mm/sec ). Acceleration is directly related
to the force causing the tremor.

Marshall and Walsh

(1956) state that "the application of Newton* s second law
indicates that the force put into a limb will be reflected
in its acceleration” (p. 260).

Halliday and Resnick

(1962) offer this succinct statement of Newton* s second
law:

’’The acceleration caused by one or many forces

acting on a body is proportional in magnitude to the
resultant of the forces, and parallel to it in direction,
and is inversely proportional to the mass of the body”
(p. 71)•

(A=F/M).

If the acceleration is proportional to

the force divided by the mass and the mass is constant,
then the acceleration is proportional to the force
because it is the only variable.

Thus, we see how the

statement that the acceleration is a representation of
the forces involved in tremor is an application of
Newton’s second law.
Another characteristic of tremors is their variance
with tension.

Some tremors are apparent during relax

ation but disappear with tension; the opposite is true
for other tremors.

Some are more observable when the

structure is in motion; others are not.
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One of the first researchers to use a graphical
recording technique to quantify muscle contraction and
to note the frequency of oscillations was Schafer in
1886.

According to Marshall and Walsh (1956), Schafer

stated that:
The curve of a voluntary muscle contraction
. . . invariably shows, both at the commencement
of the contraction and during its continuance, a
series of undulations which succeed one another
with almost exact regularity, and can, as it
would seem, only be interpreted to indicate the
rhythm of the muscular response to the voluntary
stimuli which provoke the contraction. . . . The
undulations . . . are plainly visible and are
sufficiently regular in size and succession to
leave no doubt in the mind of any person who has
seen a graphic record of muscle tetanic contrac
tion produced by exciting the nerve about 10
times in the second that the curve . . . is that
of similar contraction (p. 260).
Schafer did not discuss the response of his
recording system, and his results were considered as
artifacts by other researchers for many years.

However,

subsequent investigations using different methods of
recording yielded results which tended to support
Schafer*s early observations.
Around 1888, Charcot and his pupils were investi
gating tremors associated with various central nervous
system disorders.

According to Redfearn (1957), they

divided them into the following three groups:
4-5 per second (Parkinsonian); 2.
per second (hysterical); 5.

r,i.

Slow,

Intermediate, 5J&-6

Rapid or vibratory, 8-9 per
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second (Basedow's disease, alcoholism, general paralysis
of the insane)” (p. 302).

Other researchers such as

Redfeam (1957) have since shown that these categories
are generally oversimplifications in diagnosis.
H. de Jong (1926), for example, in the analysis of
tremor records of normal and pathogenic subjects, found
different frequencies of tremor in a structure at rest
than when the structure was in motion.
were:

His observations

"We deal here with a tremor which in contrast to

a rest-tremor, does not exist in rest and increases
while moving.

Any action may bring on the action-tremor”

(p. 5).
In summary, the foregoing review of the nature and
characteristics of tremor behavior demonstrates that any
investigation of the stuttering tremor must include pre
cise statements of the locus of the tremor, the nature of
the oscillation, its regularity, its complexity, its
frequency, its amplitude as expressed in terms of veloc
ity, displacement, or acceleration, and the tensionrelaxation state of the structures which are oscillating.
Tremors associated with various central nervous
system disorders such as Parkinson's disease were inves
tigated rather thoroughly, although crudely, from Char
cot's time to the first quarter of the twentieth century,
but normal tremors have only recently received much study.
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The development of electronics and better graphical
recording methods played a large part in the present
knowledge of tremor.

This knowledge is primarily what

is presented in the next sections.
Pathological tremors
Certain pathological states have fine, low ampli
tude tremors.
tremors.

These are usually referred to as toxic

Walton (1966) and others noted fine tremors

appearing in the outstretched hands as one characteristic
of hyperthyroidism; too much thyroxin in the system acts
as a toxin.

Brain and Walton (1969), Wechsler (1963),

and others have found tremors of this nature in cases of
mercury and lead poisoning and in various drug reactions.
Other common toxins include alcohol, nicotine, and caf
feine.

Marshall (1968) notes this type of tremor as a

symptom in chronic liver disease.
Nicholson (1970) points out that "finger tremor has
a dose response relationship with circulating adrenaline”
(p. 446).

In other words, the more adrenaline in the

system, the more the fingers tremble.

Since Euler,

Gemzell, Levi, and Strom (1959) and Levi (1965) showed
that there is an increase in circulating adrenaline with
various emotional states, toxic tremors can be linked
directly to the next category, the psychogenic tremor.
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Most of wliat is known about psychogenic tremor was
developed in the last quarter of the nineteenth century
by Charcot and his pupils (Redfeam, 1957).

Their ex

perimental results showed that tremors of 5 to 6 cps were
associated with hysterical symptoms, while those of 8 to
9 cps were associated with "general paralysis of the in
sane” (Redfearn, 1957, P- 502).

Later studies, however,

have shown that this was an oversimplification.

Brain

and Walton (1969) describe the hysterical tremor:
Tremor is a common hysterical involuntary
movement. It may be fine or coarse, gener
alized or localized. A coarse tremor is often
associated with hysterical paralysis, being
intensified when the patient attempts to move
the paralyzed limb. It is increased when
attention is directed to it, and may be absent
in movements carried out when the attention is
distracted. Hysterical involuntary movements
may simulate chorea (p. 1000).
Brown and Menninger (194-0) present a common psycho
logical point of view about tremor behavior:
Tremor is a biologically preformed compo
nent of the anxiety reaction. When stress is
past, it subsides and disappears. Many men
emerged from acute war trauma trembling vio
lently all over, but in most cases the tremor
gradually subsides. In certain cases, however,
the tremor did not subside; it lasted and be
came a permanent hysterical symptom (p. 286).
DeJong (1967) gives more of the characteristics of
the psychogenic tremor:
They (tremors] are precipitated or ag
gravated by tension, apprehension, attention,
fatigue, and cold, and markedly so by emo-
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tional stress and strain. They may be
brought on by fear, anxiety, or sudden
fright, and may involve any part of the
body. They may be habitual manifestations.
They are seen in hysterical individuals,
anxiety states, neurasthenia and other
psychoneuroses, and also in almost every
person under certain environmental con
ditions. The tremor of the hand that is
accentuated when the individual is being
observed closely and the shaking of the
knees and tremulousness of the voice that
appear when an inexperienced speaker has
to address a large audience are common
examples of tremors of this type (p. 539).
Redfeam (1957) suggests that "the mechanisms which
determine tremor frequency may be largely common to both
normal and neurotic groups, although the mechanisms de
termining amplitude are clearly more active among the
neurotic subjects’1 (p. 513).
Shivering or rigor is a common example of either
pathological or normal tremor activity.

It consists of

clonic movements of various groups of muscles, such as
the masseters.

The muscles of the limbs and trunk may

also be involved in shivering.

This type of tremor can

originate in either physiologic or psychologic states.
It is commonly triggered by cold, but also by emotional
stimulation such as fright.

Shivering occurs in malarial

attacks and other cases of high fever.

The shivering

movements may be inhibited to a certain extent by vol
untary contractions of the muscles.

Appenzeller (1969)

suggests that shivering may be caused in part by skin
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receptors in normal subjects, and that it is dependent
on reflex action.
Familial tremor has also been called Benign or
Essential tremor.

This tremor has been considered

genetic in origin because it appears so often in families
or successive generations.

These tremors are classified

as being fine tremors, occurring mostly in maintaining a
posture rather than in rest.
mor is seen in Figure 1.

An example of familial tre

These characteristics are some

what variable in nature as seen in discussions by Brain
and Walton (1969), DeJong (1967), and Marshall (1968).
All parts of the body may be affected, and there is gen
erally no sign of any central nervous system disorder.
Marshall (1968) cites an unusual case in which the larynx
was affected.
voice.

This individual had a quivering speaking

Senile tremor is basically the same phenomenon

as familial tremor, but its occurrence is much later in
life.

Senile tremor is very common.

Marshall (1968)

has investigated the age factor in the phenomenon of
essential tremor and presents some interesting results:
In the infantile and juvenile forms the
tremor is slow at about 8 c/sec. During early
adult life the tremor has a frequency of 10
c/sec and from the 5th decade onwards it has a
slower frequency reaching 5 or 6 c/sec during
the 7th decade. This change in frequency is
not a function of the duration of the afflic
tion for although age and duration are uhemselves correlated, appropriate statistical
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Fig. 1.— Becordings of four different types of
tremor. The intervals on the time marker are one second.
(From Brain and Walton, 1969, P* 526)
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methods have shown that it is the former, not
the latter, that determines the frequency of
the tremor (p. 819).
According to Kirk (1962), cerebral palsy is a "motor
disability caused by brain dysfunction" (p. 244).

Cere

bral palsy can take on many forms and be evident at any
age.

It is often the result of birth defect, or trauma.

Tremor cerebral palsy, often termed athetosis, is one of
the categories that Kirk (1962) uses:
Tremor cerebral palsy is sometimes detected
at an early age when the whole body shows invol
untary vibrating movements of irregular nature.
These result from an interference in the normal
balance between antagonistic muscle groups
(p. 247).
Brain and Walton (1969) term this type of cerebral palsy
a "chorea" (p. 559).

Wechsler (196$) describes choreic

movements as being "fairly rapid, objectively purposeless,
irregular, spontaneous, and occuring anywhere in the
limbs, face, or body" (p. 15).

Walton (1966) has sore

observations on the disorder:
Chorea, particularly the rheumatic form,
is often accompanied by excessive emotional
reactions and movement is often remarkably
uncontrolled and ill-directed with undue ex
penditure of effort in carrying out some
simple action (p. 166).
Figure 1 gives an example of chorea and intention tremor,
the next category.
Multiple sclerosis and other cerebellar disorders
have tremor as a common symptom.

Gardner (1963) says
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that "in general, cerebellar defects are manifested as
disorders in timing or coordination.

This may result in

jerky movements or intention tremors" (p. 259).

Ruch,

Patten, Woodbury, and Towe (1961) add that the tremor
occurs during voluntary movements, and it is stronger at
the end of a movement.

This tremor is characterized as

being coarse and irregular.

A common clinical test of

this tremor is to have the patient touch his fingers to
his nose.

The tremor increases as the demand for accu

racy increases.

There is no tremor at rest.

Brain and

Walton (1969) point out that ventrolateral thalatomy
helps in severe cases, but that this surgical procedure
is used as a last resort.
Tremor in Parkinson’s disease has received much
attention.

Lance, Schwab, and Peterson (1965) report

that "Charcot in 1884 first applied the term Parkinson's
disease to the shaking palsy described by James Parkinson
in 1817" (p« 95).

DeJong (1967) gives some of the char

acteristics of this tremor:
Resting, static, or non-intentional tre
mors occur more frequently in diseases of the
basal ganglia and extrapyramidal structures.
. . . This is a slow, coarse tremor of the
compound type. The rate may vary from two to
six oscillations per second, probably averaging
at about four to five. . . . It [tremor] is
independent of voluntary movement and may be
temporarily suppressed by such movement.
Because of the uniformly alternating movements
at regular intervals, it is sometimes called
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an alternating tremor. Occasionally the tre
mor of Parkinsonrs disease is of both the in
tention and non-intention types. The above
tremors not only involve the hands, but may
also affect the feet, jaws, tongue, lips and
head (p. 557).
Figure 1 illustrates this tremor.
An example of the intentional type of Parkinson
tremor was observed by H. de Jong (1926) who describes
it as:
A tremor which in contrast to a rest
tremor, does not exist in rest and increases
while moving. Any action may bring on the
action-tremor, for instance holding the arm
half flexed. The same can be said of speaking,
reading, emotion, etc. (p. 5).
Lance, et al. (1963) studied this action-tremor and
found it to range from 7 to 12 cps, occurring more often
from 8 to 10 cps.

He used surface electromyography (EMG)

to measure the muscle-burst tremor frequency.

He found

that "resting tremor usually ceased some seconds before
action-tremor started” (p. 98).
Caine and Lader (1969) also used EMG to study rest
tremor or non-intentional tremor in Parkinson*s disease.
They processed their results through an averaging com
puter and arrived at frequency ranges from 4.0 to 3.3 cps
in five subjects.

They also pointed out the alternation

in extensor and flexor muscles; when the extensor muscle
contracts, the flexor rests, and when the flexor con
tracts, the extensor rests.

This represents a 180° phase
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relationship between extensor and flexor muscles.

Some

variability was observed in phase when different postures
were assumed.

Caine and Lader (1969) and Lance, et al.

(1963) also showed these rest tremors to be in the range
of 3 to 6 cps.
There are many theories as to the cause of the tre
mor in Parkinson’s disease.

Lance, et al. (1963) feel

that the action tremor portion is simply an exaggeration
of normal tremor.
(1926) and others.

This view is also shared by H. de Jong
Angel, Aguilar, and Hoffman (1969)

describe how a surgical lesion in the thalamus causes
the tremor to cease or to be greatly reduced.

They say:

"We can assume that the thalamic lesions destroyed some
of the circuitry, either afferent or efferent which pro
duces the tremor volleys" (p. 83-4).
Normal or physiologic tremors
Perhaps the impression has been conveyed that tremor
is always pathogenic.

This however, is not true, since

normal people also show tremors associated with almost
any motor act.

For example, nearly anyone who tries to

thread a needle is made aware of the trembling of his
hands and fingers.

There are two basic types of tremors

which appear normally in everyone.

They are called rest

tremors and action tremors.
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Rest tremor is that oscillatory motion in a struc
ture when it is completely supported or in a natural pos
tural position.

Its amplitude is very small.

Brumlik

(1962) defines normal tremor at rest as "lying in the 3
to SOyn range" (p. 17^0*

One mxcron ( )

is

s q u s

I

millionth of a meter or .001 millimeter in length.

to one
Tap

and Boshes (1967) and Brumlik (1962) have proven that
rest tremor in normal individuals has a ballistocardiac
origin.

The surge of blood through the cardiovascular

system jars the whole body.

A ballistocardiogram is a

recording of the motion over the heart area due to heart
contraction, or over an artery to record cardiac thrust.
Brumlik (1962) says that "the ballistocardiographic
amplitude rarely exceeded 80/£ " (p. 176).
For the purposes of this paper, the term normal or
physiologic tremor will not refer to this rest tremor,
which is clearly the reflection of variations in the
cardiovascular system.

Instead, physiologic tremor will

refer only to action or intention tremor.
Marsden, Meadows, and Watson (1969b) supply a defi
nition for normal or physiologic tremor, which is not of
ballistocardiac origin:
It is suggested that the term tremor
[normal] is reserved to describe
oscillatory motion of a part of the body
occurring during muscle contraction, as was
first described by Schafer and his associates
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in 1886. Physiological tremor occurs during
the execution of a movement, exertion of a
constant isometric force, or maintenance of
a posture; the dynamic characteristics of
tremor differ in all three situations. Even
greater precision in the description of tremor
investigations is necessary, for small variations
in the task attempted may alter the tremor
spectrum.
Accordingly, in describing tremor investigations
we need to specify the exact task involved,
the position of the limb in executing that
task, and the extent of visual or other feed
back. Without this information, it is im
possible to compare the findings of different
authors in this field (p. 661).
Marsden et aL. (1969b) reacted strongly to a gener
alization by Yap and Boshes (1967) and others that all
normal tremor was of ballistocardiac origin.

Brumlik

(1962) has measured the action tremor in normal subjects
"as ranging from 100 to lOOOy^ ’* (p. 174-).

Accepting

these figures, Marsden conceded that 10% of the tremor
record may be related to heartbeat, but that 90% was not.
In any event, this rest tremor is of very low amplitude,
and should not interfere with the recording of the tremor
in stuttering which has a much greater amplitude.
The frequency of normal finger tremor lies between
5 and 15 cps.

A mean value seems to lie within the range

of 8 to 10 cps (Brumlik, 1962; Halliday and Redfeam,
1956; Lippold, Redfeam, and Vuco, 1957; Marshall and
Walsh, 1956; Redfeam, 1957* Schafer, 1886).

The domi

nant frequency is determined by the frequency of the
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oscillation which has the greatest amplitude.

Marsden,

Meadows, Lange, and Watson (1969a) using a large number
of subjects and an averaging computer found a welldefined peak of 9 cps in the adult which rarely altered
by more than one cycle per second.
which was proportional to velocity.

He used a signal
Marshall and Walsh

(1956) found tremor in adults to be about 10 cps using
acceleration measures.

Different methods yielded

slightly different values for peak frequencies, but all
cluster around 9 or 10 cps.
A couple of investigators have noted a variation of
normal tremor peak frequency, according to the age of the
subject.

Marshall (1959) noted that the dominant tremor

frequency in children up to the age of 9 years is 6 cps.
In the age range of 9 to 16 years, the tremor rate
changes abruptly until the dominant adult frequency is
reached.

In another study, Marsden, et al. (1969a) used

a large number of subjects on an averaging computer.
They found that there was a frequent absence of a welldefined peak in children under 16 years.

When there was

a well-defined peak, it was much smaller than that of
adults.

They reported a mean peak frequency of 8.9 cps

for children.

Their children had a mean age of 8.5 years

and Marshall’s (1959) subjects had a mean age of 10.5
years.

Marsden et al. (1969a) found that the peak tremor
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Fig. 2 . — R e c o r d in g fr om a patient w i t h postura l tremor w h e n bri ngi ng the
two index f in ge r s together. The three top tr acings are those of the surface EMG,
the two bo tt o m ones are the a c ce le ro me tr ic recordings. (From Sch err er and Metral,

1969, P. 6*+6)

frequency for over 60 years of age was 7.7 cps.

Marshall

(1961) noted that there was a slow decrease of tremor
frequency after about 50 years of age.

At approximately

80 years of age, the tremor rate slows to 6 cps.

The

above results point out the fact that pathogenic tremor
distinctions cannot be deduced from frequency alone, but
that age is another factor.

Tremor that appears at 7 cps

in a person of 20 years is abnormal; while at the age of
75 years, it would be well within the normal range.
Some researchers theorise that physiological tremor
represents the rate of firing of the muscle motor units.
Smooth muscle action is the result of random firing of
many motor units in the muscle.

It is assumed that the

tremor is caused by synchronous firing of these motor
units (Lippold, Redfeam, and Vuco, 1957).

An illus

tration showing this can be seen in a sample recording by
Schemer and Metral (1969) in Figure 2.

Here, one can

see that the groupings of muscle potentials are reflected
in the acceleration of the limb.

The firing rate of

motor units increases with increasing muscle tension
(Bigland and Lippold, 1954), with firing rates ap
proaching 20 to 25 per second.

If the tension increases,

then the tremor rate should change also.

Halliday and

Redfeam (1956) have shown that the addition of weights
to the terminal phalanx does not significantly change the
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shape of the frequency spectrum of normal finger tremor^-.
Their results are therefore in contradiction to the
Bigland and lippold (1954) theory.
Physiological tremor has approximately the same
frequency range as the alpha rhythm seen in electro
encephalography (BEG).

Marshall and Walsh (1956) show

that there was little or no relationship between tremor
oscillations and the alpha rhythm from the EEG of the
subject.

Tremor was present during high and low alpha

activity with no phase relationship between them.

Alpha

and tremor oscillations do not occur with a constant time
relationship between them.

A person with complete para

plegia still shows tremor (Marshall and Walsh, 1956).

This

corresponds to a blocking of the neural path which would
link the EBG alpha activity to tremor.

Even though the

tremor and alpha rhythm share the same frequency range,
there is little to support a cause and effect relationship
between them.
Marshall and Walsh (1956) have proposed that the
muscle acts as a mechanical filter.

During voluntary

effort, the motor neurons have an initial firing rate
of about 7 cps.

This rate of firing increases with in-

^This finding is important to the present study
since in designing a technique for recording the stut
tering tremor by varying a magnetic field, a small mag
net was affixed to the lower Jaw of the subjects.
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creased tension and produces a mechanical ripple with an
upper frequency limit of 15 cps.

When Marshall and Walsh

electrically stimulated a motor nerve at progressively
increasing frequencies, they observed muscle contractions
only up to 15 cps, even though their stimulus frequency
was higher.

They concluded that the "tremor" they pro

duced is always within the bounds of normal tremor be
cause of a mechanical filtering action of the muscle.
Marshall (1968) states that physiologic tremor could
be "due to oscillation around the loop formed by the low
er motor neuron to the spinal cord" (p. 815).

Halliday

and Redfeam (1958) have shown that physiological tremor
is absent in severe tabetics.

They assume that the le

sion has interfered with this loop function.
Physiological tremor has the same frequency in mus
cles with shorter and longer loops from muscle to spinal
cord.

This is inconsistent with the assumption of

Halliday and Redfearn (1958).

According to their theory,

short loops would produce a higher tremor frequency than
long ones.

Several authors studied tremors in a limb

with ischemia produced by a blood pressure cuff pinching
the nerves and blood vessels (Marsden, et al., 1969b;
Marshall and Walsh, 1956).
affect the servo loop.

Ischemia presumably would

It was found that, although the

amplitude of the tremor was reduced, the frequency
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remained constant.

This is another inconsistency in the

servo loop theory of tremor.
The muscle-spinal servo loop is an interesting
mechanism.

A muscle is made up of an effector (extra-

fusal muscle fibre) and a sensor (muscle spindle).

The

muscle spindle is sensitive to stretching and sends in
formation related to its stretch to the spinal cord.
This is the afferent path.

The spinal cord sends infor

mation on contraction via the alpha efferent neural path
to the ordinary muscle fibre.

'The spinal cord also sends

information via the gamma efferent pathway to the muscle
spindle which changes its efficiency as a sensor of
stretch.

Thus, any proper contraction for muscle tone is

automatically regulated by this servo loop.

A more com

plete description may be found in Sigwald and Eaverly
(1969).

A lesion in this servo system could, presumably,

cause a different time delay between effector and corrector,
causing a different tremor oscillation frequency.

A

lesion in the servo system could also cause a higher
amplitude of oscillation by reducing the damping factor
of the loop.
Mechanical properties of a limb may give rise to
different tremor frequencies.

A tuning fork, when it is

struck, produces vibrations which are consistent with
its mechanical resonance properties.

Adding mass to the
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tines of the fork decreases the frequency of oscil
lations.

Halliday and Redfearn (1956) have shown that

loading the finger and tapping it produced damped oscil
lations corresponding to a change in mechanical reso
nance.

Tremor frequency, however, does not appreciably

change with added mass.

The effects of mechanical reso

nance are thus shown to be minimal.
Another finding of special interest to any investi
gation of the stuttering tremor is that by Nicholson,
Hill, Borland, and Ferres (1970), who note that increased
finger tremor amplitude is associated with stress, uncer
tainty, and possible circulating adrenaline-type com
pounds associated with anxiety.

Huler, Gemzell, Levi,

and Strom (1959) and. Levi (1965) show that these com
pounds are in the bloodstream during stress and emotion.
Marshall (1968) notes that "the characteristics of the
[anxiety] tremor suggest that it is the result of the
secretion of adrenaline which . . . increases the
amplitude of the physiological tremor which is normally
present in a subject" (p. 818).

He also goes on to say

that "the tremor of fatigue is due to increased circu
lation of adrenaline provoked by the stress of excessive
fatigue" (p. 818).

Stuttering tremor could possibly be

linked then to normal tremor by way of anxiety and musclefat igue.
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Tremors in stuttering
Klingeil (1939), in his historical account of stut
tering, cited Bell in 1832 as believing that stuttering
was due to a type of chorea, a disorder which is charac
terized by oscillatory muscle contractions.

In 1897,

Hammond called stuttering a "chorea of the muscles con
cerned in articulation" (Klingeil, 1939, p. 129).
Choreiform movements as described by DeJong (1967) are:
involuntary, irregular, purposeless,
asymmetrical, nonrhythmic hyperkinesias. They
are spontaneous in onset and are abrupt, brief
rapid, jerky, unsustained, and explosive in
character. The individual movements may be
discrete, but they are variable in type and
location. . . . There is an interruption of
harmonious coordination of prime movers, syner
gists, and antagonists. . . . They are aggra
vated by emotional stress and attention. . . .
At times they appear to be subjectively pur
poseful, but they are objectively aimless
(p. 545-6).
Choreiform movements are not, in the strict sense,
tremors, due to their aperiodic nature.

If they are con

sidered in an evaluation of the oscillatory behaviors of
stutterers, one must be certain to investigate the reg
ularity of these tremors.
Barr (1940) noted that lip tremor, jaw tremor, and
movements of the forehead or eyebrow constituted a sig
nificant portion of the stutterer’s repertoire of observ
able behavior during stuttering.
quantify the tremor observations.

No attempt was made to
Prins and Lohr (1968)
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studied in detail the observable aspects of stuttered
speech.

Tremor in lips, jaw, and eyelids were among

those behaviors investigated.

Their method of obser

vation was a frame-by-frame analysis of movements filmed
by a motion picture camera.

The tremor frequency in an

observed moment of stuttering was reported as being the
maximum oscillation rate in the interval.

They summarize

their results of frequency analysis as follows:
Repetitive oscillatory movements of the
eyelids, while occurring in only 60 moments of
stuttering, were demonstrated by 22 subjects.
The average number of oscillations per second
which occurred in these 60 moments was 2.18
o/s [cps] . The most rapid oscillatory move
ments of the eyelids were 9.0 o/s, and the
slowest were 1.33 o/s. . . . Repetitive oscil
lations of the lips occurred at rates from
4.36 to 12.00 o/s. Lip oscillations were
recorded for 30 stuttering moments. The av
erage for the 16 subjects for which they were
recorded was 7.23 o/s. . . . Only seven sub
jects showed oscillatory movements of the jaw,
and this phenomena was recorded in only 11
moments of stuttering. Repetitions occurred
at rates up to 7.5 o/s with a mean of 5.79 o/s.
Repetitive oscillatory movements were recorded
only when they were clearly visible. Lip
oscillations could sometimes be seen at normal
film speed during stuttering moments in which
they were not visible in frame-by-frame analy
sis. Therefore, lip oscillations probably
occurred more frequently than is reflected in
the results of the data (p. 26).
There are two drawbacks to the methodology used in this
study for observing tremor.

The frame speed on their

projector gave them 24 discrete points per second to
evaluate.

This limited the frequency resolution se-
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verely.

Another problem was the optical resolution and

human measurement of displacement.

Perhaps they were

only able to discover the gross tremor motion and not the
fine motion.
Stuttering tremors may be deliberately initiated,
but they generally are felt to be involuntary; since
their frequency is too fast for voluntary movement.
Strother and Kriegman (1943), using a pneumograph, at
tempted to measure the voluntary diadochokinetic rate of
stutterers.

Based on their results and the results of

Lundeen (1930) and Irwin and Becklund (1933), a mean
diadochokinetic jaw rate of about five movements per
second seems representative.

Since tremor is defined as

an involuntary movement, this gives an upoer boundary
value where voluntary motion ceases.

Most tremors seem

to exceed this upper limit.
Gunderson (194-9) studied digital tremor in male
stutterers during various tasks.

These tasks were

silence, non-linguistic vocalizations, oral reading,
silent reading, and extemporaneous speech.

She measured

the rate, amplitude, and range limits of these finger
tremors.

Rate and amplitude were found to be inversely

related.

As rate increased, amplitude of tremor de

creased.

Amplitude also decreased with age of the sub

ject, as the rate increased.

The average tremor rate was
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found to be 8 cps.

"The tremor of stutterers is

characterized by a greater magnitude of excursion than
the tremor of normals" (Gunderson, 1949, p. 55).

She

assumes that the physiological cause of stuttering is i
incoordination of the muscle pairs used in speech and
relates this to increased tremor in the finger during
speech as compared to non-speaking evaluations.

She

says:
It is possible that there is a common
denominator for the incoordination of digital
musculature resulting in increased digital
tremor. This denominator may be psychological
or physiological, or a subtle combination of
both (p. 56).
One criticism of Gunderson's study is that the in
nervation to the fingers is not the same as for the
speech mechanism.

Tremors in the speech mechanism may

have different characteristics than finger tremor.
Fujita (1954) attempted to study tongue tremor in
stutterers by the use of electromyography.

Van Riper

(1970) quotes his findings:
When needle electrodes were placed in
lingual muscles for taking electromyograms,
it was found that the stutterers became
fluent. It is generally observed that stut
tering tremors are inhibited when the stut
terer bites his tongue or pinches the lips
or when pressure is given to any musculature
which is*directly related to speech pro
duction. The investigator explains this
phenomena in terms of its resemblance to
the tremors of Parkinson's and paralysis
agitans, which can be stopped by pressing
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the affected areas [that are] moving . . .
by a hand. This inhibitory mechanism is
explained in terms of the neurological
function of the extrapyramidal system.
Fujita's conclusions may be accurate, but other possible
reasons for fluency might include the distraction or
novelty of the situation.
Williams (1955) used electromyography to study
action potentials in the paired masseter muscles.

His

purpose was to study synchrony of the masseter muscles- in
various tasks.

In one of his tasks, he noted that all of

his nonstuttering subjects, after instruction and prac
tice, could produce tremors as shown by "short bursts of
action potentials which consisted primarily of spikes"
(p. 257).

He concluded that non-stutterers could show

the same abnormal muscle potentials as stutterers, and
that there was no physiologic difference.
5 c111.XX

(I960) has done an interesting study on

stutterers who have some neurological signs of extrapyramidal disorder.

He reports that out of 35 stutterers

who were studied by radiokymography, 16 showed patho
logical movements of the diaphragm during resting con
ditions.

"Brief spastic muscle contractions, in part of

a clonic nature, irregularly interfered with the normal
respiratory rhythm" (p. 152).
Yan Riper (1970) has offered some very interesting
observations on the stuttering tremor:
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The lips, jaws, tongue, and the extrinsic
muscles of the larynx and thorax are thrown
into rhythmic vibration at rates ranging about
[around] a mean of seven per second. These
oscillations are usually small in amplitude,
the latter varying with the structures in
volved. Their regularity resembles that of
the other physiological tremors but often they
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apparently clutches of the perseverating
tremor.
When a sudden movement (e.g., a jaw jerk im
posed upon a lip tremor) is out of phase with
the tremor release occurs, but if the larger
movement is in phase, the tremor resumes and
the stutterer remains blocked. Generally,
just prior to the moment of release and utter
ance, the tremor slows down in frequency and
smooths out in amplitude. . . . These tremors
seem to arise as the result of the stutterer's
struggle to release himself from speech arrest
or from repetitive movements which have per
sisted too long.
Gordon (1928) noted the appearance of stuttering
tremors and blockage in five cases who were given exces
sive thyroid extract to counteract a thyroid deficiency
In this connection, Cabanas

(195^0

found that when mon

go lo id children were given thyroid extract, they exhib
ited a ’’cluttering type” of speech.

There was no strug

gle behavior observed so it was not diagnosed as stut
tering.

He does not mention any tremor behavior.

Summary
The investigation of stuttering tremor requires a
working knowledge of all tremor behavior, both patholog
ical and normal.

In addition, a knowledge of proposed
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theory about causes of tremor would be extremely helpful.
Unless the stuttering tremor can be viewed in relation to
normal and pathological ■‘-remors in general, any investi
gation of its nature would be extremely limited.
The Recording and Analysis of Tremors
Many methods have been used for recording tremor.
All of them either measure motion or the electrical
activity of the muscles (EMG).

All of the motion sensors

can be classified into three categories according to the
type of motion they measure.

These categories are dis

placement, velocity, and acceleration; parameters which
have been defined earlier in this paper.

These are

mathematically related quantities which can be derived
from one another.

If the sensor has an electrical output

proportional to the quantity being measured, it can be
electronically transformed into either of the other two
values.
Pneumatic recordings
Redfeam (1957) notes that the "Marey tambour was
used by Charcot in the last quarter of the nineteenth
.century’* (p. 302).

This is a pneumatic device used to

measure displacement or distance.

Pneumographic methods

involve the use of an air supply which is enclosed in an
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elastic system.

An airtight bulb or bellows is connected

to another bellows on the recorder.

Usually, a pen is

affixed to this bellows on the recorder.

Paper is driven

by a motor at a constant speed past this pen and a graph
ical recording results.

Many studies have been carried

out with this type of apparatus (Gunderson, 1949;
Strother and Kriegman, 1943).

Pneumographic methods are

cumbersome to use, slow to respond to fast motion, and
are not always linear.

The systems are still in use due

to their simplicity and relatively low cost.
Displacement transducers
There are better displacement sensors than those
which rely upon pneumography.

These have an electrical

output which is proportional to the distance moved, and
are called displacement transducers.

Redfeam (1957)

describes a photo-electric displacement transducer:
The index finger or other trembling part
interrupted a parallel beam of light and cast
its shadow over the lower half of a slit placed
in front of a photocell. The output from the
photocell which was linearly related to the
angular displacement of the finger, was amplified.
• . . The output of the amplifier was used in a
Hughes four pen recorder (p. 302).
Another measure of displacement comes from the use
of a strain gauge transducer.
painted on a plastic sheet.

A thin resistance is
This resistance changes in

proportion to the amount the sheet is bent.

The lack of
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thermal stability has been largely overcome by the use of
four such resistances used in a Wheatstone bridge con
figuration (Geddes and Baker, 1968).

Tuttle, Janney,

Wilkerson, and Imig (1951) used a Statham^ Gl-8-130
strain gauge to record tremor.

This strain gauge was

held vertically on a stand, and the subject was in
structed to hold his finger lightly on it.
Jurko and Foshee (1962) measured tremor with a
piezoelectric device.

When certain types of crystals are

bent, they produce a voltage proportional to the amount
they are distorted.

These investigators utilized a

crystal phonograph cartridge as their tremor sensor.

It

was relatively noise free and extremely inexpensive to
construct.
Velocity transducers
Other investigators have used transducers which
give an output proportional to velocity.

Angel, Eppler,

and Iannone (1965) measured the velocity of the hand
tremor by hanging a lever from the ceiling attached to a
rotary variable capacitor.
the capacitance.

The hand on the lever varied

By placing a battery across the capa

citor, an electrical signal could be detected which was

■^Statham Instruments, Inc., Los Angeles, California.
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proportional to the rate at which the capacitance changes
or to +'he velocity of the lever.
Another way in which velocity records have been
obtained is by means of a changing magnetic field in the
proximity of a coil of wire (Alway and Jones, 1969: Dill
and Dorman, 1968; Lipton, 1953? Tang and Alway, 1969).
By affixing a permanent magnet to the structure in close
proximity to a coil of wire, the electrical output of the
coil is in proportion to the relative velocity of the
magnet and structure under study.

One of the advantages

of this system is that there ere no wires affixed to the
subject and no mechanical levers to produce inertial
errors.

Placement of the coil can be critical for line

arity, and it has a high susceptibility to interference
from power lines.
Accelerometer recording
Marshall and Walsh (1958) used an accelerometer for
recording tremor.

Their reasoning for using acceleration

is provocative:
The measurement of acceleration is advan
tageous for three reasons. First, the appli
cation of Newton's second law indicates that
the force put into a limb will be reflected in
its acceleration. Secondly, graphic records
of acceleration reveal smaller discontinuities
during the course of a movement than could be
detected by comparable recording of displacement.
Thirdly, the technique is simple and versatile
(p. 260).
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They go on to explain their method:
An accelerometer double diode (Mullard
DDR 100) was attached to a part of the limb
under investigation. The anodes of such a
valve are deflected by acceleration in one
plane. Movement of the valve upset the
balance of a bridge circuit, and the elec
trical output was fed through e . . an am
plifier to both an ink writer and an
oscillograph (p. 260).
Marsden, et al. (1969a), Yap and Boshes (1967), Brumlik
(1962), Marsden, et al. (1969b), and Lance, et al. (1963)
all used accelerometers to measure tremor.

Yap and

Boshes and Brumlik used a Gulton^ AVR-250 variable re
luctance accelerometer.

Brumlik had his instrument

calibrated at the National Bureau of Standards.

He

reports that this accelerometer can accurately measure
very small displacements.
Yoshimoto (1963) has described the construction and
use of a mercury acceleration transducer.

This device

uses a small glass capillary tube filled with alternate
droplets of mercury and electrolyte solution.

Platinum

electrodes are fitted to contact drops of mercury at both
ends.

The ends are sealed off with a glass fibre and

silicone grease.

Acceleration in the direction of the

axis of the capillary tube created a proportional change

^Gulton Medical Instruments, Willow Grove,
Pennsylvania.
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in output voltage which was amplified and displayed.

The

author described this as being an inexpensive, small,
lightweight transducer with excellent fidelity.
one problem, however.

There is

Unless the materials used are

extremely pure, the transducer has a very short life
span.

It must be made of laboratory grade materials

under exacting conditions.
Marshall and Walsh (1956) point out an important
factor about accelerometers:

"The calibration in terms

of 'g* is meaningful only when the excursions are small
as in the maintenance of a posture” (p. 261).

In the

contortions of a severe stuttering block, acceleration
readings may therefore show artifacts.
Electromyography
Electromyography has seen considerable use in tremor
recording (Angel, et al., 1969; Caine and Lader, 1969;
Lippold, et al., 1957).

These studies measured the elec

trical activity of the muscle.

The regular bursts of

muscle currents are interpreted as muscle contractions
producing tremor.

It has been shown that there is a

rectilinear relationship between the force of muscle
contraction and the EMG voltages (Lippold, 1952; Bigland
and Lippold, 1954; Faaborg-Anderson, 1965).

However,

these EMG studies of tremor have certain limitations as
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pointed out by Jurko and Foshee (1962):
Tremor and muscle activity are not neces
sarily correlated, i.e., high or low muscle
potentials are not consistently associated with
any particular degree of tremor. . . . This lack
of consistency suggests that muscle activity and
tremor are related, at least in part to separate
physiological mechanisms (p. 88).
They present graphical records where EMG is maximum and
tremor is high, EMG at maximum and tremor is minute, and
a case where EMG was at minimum and tremor was present.
Electrode placement and supports for the arms were not
clearly defined, which may be a factor in their findings.
Marshall and Walsh (1956) give another example of EMG
inconsistency:
Electromyography using surface leads gives
no evidence of synchronization. Simultaneous
mechanical and electrical recordings show the
10 c/sec rhythm in the former but not in the
latter. . . . It sometimes happened that the
most striking mechanical events occurred just
after the electromyographic tracing had become
quiescent (p. 266).
Lippold, Redfearn, and Vuco (1957) explain Marshall
and Walsh’s results as errors in recording.

In any case,

one must be extremely careful about electrode placement
and interpretations of the results from EMG.
Statement of the Problem
The literature shows that there is a considerable
amount of data accumulated on tremor of the limbs and
especially on finger tremor.

There is little known about
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tremor in the structures associated with speech, e.g.,
the lips, mandible, head.

If the tremor is as important

as Van Riper (1963) has suggested in understanding stut
tering, then there must be a reliable way of studying
this phenomenon in a quantitative fashion.
So far, only tremor displacement records have been
studied in stutterers.

These have been done by pneumatic

devices and by motion picture frame analysis.

These

methods give relatively crude measures of displacement.
In fact, pneumatic devices must use restraints and would
therefore be unnatural to the stutterer.

Thus they might

affect the motion that the researcher is trying to de
tect.

Halliday and Redfearn (1956) have shown that dis

placement records are inadequate for measuring peak tre
mor frequencies.

Velocity and acceleration recordings

give more of a well-defined peak frequency.

If one is

trying to link the peak frequency of stuttering tremor to
that of either pathological tremor or normal tremor, then
it is necessary to investigate velocity and acceleration
characteristics of stuttering tremors.

Before such a

study is carried out, it is necessary to explore the
methodology and application of tremor recording to stut
tering.

This study was such an exploratory attempt.

There were two questions which the study attempted to
answer:
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Question 1
What is the best method for studying the stuttering
tremor in running speech, using a minimum of restraints
on the subject?
Question 2
What is a first approximation of the frequency of
jaw tremor in stuttered speech, using a preferred method
of recording?
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CHAPTER III
EXPLORATION OF METHODOLOGIES
FOR RECORDING STUTTERING TREMOR
Introduction
Before meaningful investigations of the character
istics of stuttering tremors can be made, it is necessary
to ascertain which method or methods for recording and
analyzing tremors is most appropriate for the stuttering
tremor per se.

This chapter consists of a discussion of

the procedures and results of an exploration of various
methodologies for recording and analyzing stuttering
tremors.
All of the investigators who have attempted to make
a frequency analysis of tremors observed during moments
of stuttering have used displacement measures such as
pneumography or frame-by-frame motion picture analysis
(Gunderson, 194-9; Frins and Lohr, 1968; Van Riper, 1970).
Displacement measures have been shown to be inadequate
for measuring peak tremor frequencies (Halliday and Redfearn, 1956).

Thus, recording methods incorporating

velocity or acceleration were explored for their appli
cability to the measurement of tremor in the speech
structures during stuttered speech.

44
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The first section describes some of the peripheral
equipment which was used for storing and analyzing the
tremor data.

The subsequent sections discuss the methods

used for sensing tremors.

The final section presents a

critique of the methods for tremor measurement which
relates to the task of selecting the best method for
studying stuttering tremor in running speech.
Data Storage, Retrieval, and Display
In the analysis of such behaviors as tremors, it is
desirable to store data on magnetic tape for detailed
analysis.

It is extremely difficult, if not impossible,

to accompany the stutterer’s speech signal with an ac
curate phonetic transcription on moving graph paper at
the time it is occurring.

However, with the graphic

recording complete and stored on magnetic tape, the con
current phonetic transcription can be made with reason
able accuracy.

Moreover, the storage of raw data on tape

permitted the experimenter to try different methods of
analysis on the same data.

Finally, the storage of the

data permitted the experimenter to return to this raw
data to check for any inconsistencies which may have come
up in the final analysis and to re-evaluate the data in
the light of new knowledge.
A multi-channel analog, instrumentation-type tape
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recorder would have been the logical choice for recording
the data, but such an instrument was unavailable to the
experimenter.

Instead a Crown^ CX822 two-track stereo

recorder was used.

This is an audio tape recorder of

broadcast quality.

In order to eliminate the noise and

distraction of its operation from the testing area, it
was placed outside the test room and controlled by an
RC-50 remote record control box.

This recorder’s

measured frequency response was flat (+1 dB) from 30 cps
to 20,000 cps.
at 1,000 cps.

Total harmonic distortion was 1% measured
Signal-to-noise ratio was greater than 60

dB, both channels.
were .07%.

Speed variations (flutter and wow)

All data were recorded at a tape speed of 7.5

inches per second.

It should be noted that a direct

recording audio tape recorder cannot be used to store
slowly varying potentials from D.C. to 20 cps, the fre
quency in which tremor lies.
2
A Vetter Model 3
recording adapter was used with
channel 2 of the above recorder in order to be able to
store the tremor signals.

Figure 3 shows a pictorial

schematic for the use of this combination.

This arrange-

^International Radio and Electronics Corp., Elkhart,
Indiana.
2
A. R. Vetter Co., Rebersburg, Pa.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

47

Audio Tape Recorder
CH. 1

CH. 2

Voice or EMG
PM Record Adapter

Event Marker
Tremor - Method A
Tremor - Method B

Pig. 3.— Diagram of tape recorder and PM record adapter.
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ment permitted the recording of three data channels by
an PM multiplex system on channel 2 of the audio tape
recorder.

The frequency responses of this PM recording

adapter were DC to 50, 100, and 300 cps respectively for
channels 1, 2, and 3.

The manufacturer^ specifications

showed interchannel noise and crosstalk to be less than
1% peak to peak, with a linearity of 1% for the recorded
signal.
A Visicorder1 model 2106 optical oscillograph was
used to write out the data in graphic form on photosnsitive paper.

This recorder was capable of displaying

a signal from DC to 3>000 cps with an accuracy of +5%.
The high fidelity of this recorder permitted accurate
displays of the speech signal and EMG.

Since the tremor

frequencies are below 30 cps, the recording of these
frequencies posed no problem.

A paper speed of 5 cm per

second was chosen for tremor recording.

A 60 cps power

line signal was recorded for calibration at the above
speed.

The AC power line frequency is held constant to
2
about .05% . This showed that the timing markers were
exactly one second apart and that the paper speed was 1%

■^Honeywell, Test Instrument Div., Denver, Colorado.
2
According to a personal communication in July, 1970
with a Consumers* Power Co. official, Kalamazoo, Mich.
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slow, enabling the experimenter to make accurate fre
quency measurements on all data.
Several types of photographic recording paper for
the above oscillograph were tried.
was the easiest type to use.

Direct print paper

After the recording has

been made, the paper is exposed to ambient room light.
Within minutes, the image appears as a dark trace on a
light background.

The image can be made to appear in a

few seconds by passing the paper within a foot of a white
fluorescent lamp, but the image quality is not as good.
The image fades upon continued light exposure and should
be viewed by yellow light in order to minimize fade.
Heating the paper with a flatiron before developing with
exposure to room light increases the permanence of the
tracings to continued light exposure.

Kodak Linagraph*

direct print paper, type 1799 was found to be best for
the purposes of this study.

It offered the ease of de

velopment of the direct print papers described, plus the
advantage of lending itself to chemical processing with
ordinary photographic chemicals.

In order to be chemi

cally processed, the recording must be done in a closed
magazine, in complete darkness, or under a red safelight.
This experimenter used a red safelight.

The chemically

processed record has a black trace on an off-white back-

^Eastman Kodak Co., Rochester, N.T.
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ground.

This record is stable under all light condi

tions.
Tremor Measurement by Electromyography (EMG)
Since tremor has been defined by DeJong (1967) as
"a series of . . . oscillatory movements which results
from the alternate contraction of opposing groups of
muscles” (p. 535), it seemed logical to study tremor from
the standpoint of neuromuscular activity.

A rectilinear

relationship has been shown between EMG voltages and
force of contraction of the muscle (Bigland and Lippold,
1954; Paaborg-Anderson, 1965).

Marshall and Walsh (1956)

moreover, state that "the force put into a limb will be
reflected in its acceleration" (p. 260).

Studying tremor

by electromyography was then consistent with the objec
tive of using a velocity or acceleration sensor for an
alyzing peak tremor frequency.

Surface electromyography

was the first technique chosen for studying tremors in
stuttering.
An electrode placed over the surface of a muscle
will record the total electrical activity within its
sphere of influence.

The muscle fibres closest to the

electrode are recorded with greater intensity than those
which are increasingly far away.

One can view the pickup

field as a cone, with its vertex at the electrode and the
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potential recording area spreading around it, widening
with, depth.

Since the intensity of the signal decreases

with increasing distances from the electrode, this wid
ening cone of influence becomes less significant to the
recording.

Muscles lying close to the surface electrode

are therefore recorded with much greater intensity than
those which lie much deeper.

By using a bipolar elec

trode lead into a differential amplifier, the electrical
pickup can be restricted to a more confined area.

Two

electrodes are therefore used over the muscle or muscles
which are to be recorded, and the resulting signal is the
difference in signals picked up by the two electrodes.
Thus, signals arising from muscles farther away tend to
cancel, since their signals arrive at the electrodes more
or less equally; the difference signal approaches zero.
The farther away the muscle is, the more it approaches a
point signal which will cancel.

It follows, then, that

any muscle lying near the surface and immediately between
the electrodes will have a large difference signal.

Bi

polar electrodes were therefore used for this study in
order to minimize the signals from surrounding muscles
which were of no immediate interest.
Several types of electrodes were tried, including
EEG electrodes.

Most of these were too bulky and dif

ficult to attach to the skin of those tested.
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Beckman'1' miniature skin electrodes were found to be the
best commercially available electrodes for recording
facial musculature.

These electrodes are small, light in

weight, and are supplied with double adhesive collars.
The silver-silver chloride electrode is recessed so that
the skin-electrode interface connection is made entirely
by means of a saline paste.

This eliminates most of the

artifacts caused by motion of the skin relative to the
electrode surface, a factor of some importance to any
2
study of the stuttering tremor .
The application of the Beckman electrodes was rela
tively simple.

First, the electrode site was scrubbed

with a gauze pad and rubbing alcohol.

A spot of paste

was then rubbed into the skin and wiped clean.

Next, the

adhesive collar was affixed to the electrode and paste
injected into the cup of the electrode.

The electrode

was then firmly seated at the prepared site according to
the detailed descriptions of surface EMG recording found
in Davis (1959).

There were several reasons why surface

electrodes were used instead of needle electrodes.

■^Beckman Instruments, Spinco Div., Palo Alto,
California.
p

A suction electrode system such as that des
cribed by Harris, Rosov, Cooper, and Lysaught (1964)
might possibly have proved superior to the Beckman
electrodes, but they, unfortunately, are not com
mercially available.
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Fujita (1954) has pointed out, the trauma of the needle
in the muscle may be sufficient to disrupt the tremor
phenomenon and cause the stutterer to have temporary
fluency.

Great care must also be exercised to make sure

that the needle electrodes are completely sterilized.
Infectious hepatitis is a constant potential danger with
the use of these electrodes.

Direct medical supervision

was not available to this experimenter; without it, this
technique was regarded as being too risky.

Moreover, it

should be understood that needle electrodes measure the
electrical activity of only the few muscle fibres with
which they are in contact.
whole muscle activity.

Surface EMG measures the

Hooked wire electrodes, as des

cribed by Geddes and Baker (1968), perhaps could be the
best intramuscular electrodes available, but sterili
zation and medical supervision are again required.

The

relatively new Beckman electrodes appeared to be the best
surface electrodes commercially available, and were
therefore selected for use in this study because of their
ease and safety in use.
The electrode placements for recording jaw tremors
were those suggested by Davis (1959) for standard chin
and masseter leads.

His procedures were as follows:

MASSETER
Posture:

For lead placement on right side
of face, turn head slightly to
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the left.
First Electrode (A):

Mark a point
anterior to
and
above the angle of
the jaw. This point should
be one of maximum palpable
contraction when teeth are
clenched and relaxed. The
center of the first elec
trode should be placed over
this point.

Second Electrode (B):

Measure two inches directly
above the center of the
first electrode and mark
this point for the second
electrode.

CHIN (Muscle Potentials mainly from Depressor
labii inferioris, Genioglossus, the
Diagastric muscles and Platysma)
Posture:

The head is held slightly back.

First Electrode (A):

On the midline of the chin,
mark a point %" above the
point of the chin and place
the center of the first
electrode here.

Second Electrode (B):

On the midline under the
chin, mark a point %"
below the point of the
chin. This should be
immediately behind the
mandible. Place the center
of the second electrode
here. One should be able
to palpate contraction at
this point when the tongue
is pressed against the lower
teeth (p. 18-21).

Figure 4 illustrates the above information.

The masseter

and chin leads were chosen to give a representation of
both elevator and depressor jaw muscles; the masseter
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ANGLE
OF JAW

Fig. 4.— Standard chin lead and standard
masseter lead.
(From Davis, 1959, pp. 19 and 21)
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"being an elevator and the chin lead representing the
depressor muscle group.

If, as the review of the lit

erature has indicated, tremors are the result of alter
nate contraction of antagonistic muscle groups, these
particular leads would appear to be appropriate.
The amplifiers used were the Accudata1 108 pre
amplifier and the Accudata 109 DC amplifier wired tandem
to feed the optical oscillograph.

The Accudata 108 is a

general purpose low level amplifier.

The high pass fil

ter switch was set to 50 cps to minimize motion artifact,
which was seen as a low frequency "baseline shift.

The

Accudata 109 is both a galvanometer amplifier and a low
pass filter.

The low pass filter was defeated by set

ting the switch to wide band.

The total frequency re

sponse of the system was 50 cps to 3,000 cps, which is
the 5% upper cutoff frequency of the galvanometer.
Frequency response standards of 40 to 3,000 cps have been
proposed at the 1954 meeting of the Committee on Instru
mentation and Technique of the American Association for
Electromyography (Geddes and Baker, 1968).

The response

of the experimental system compared favorably with these
minimum standards.

Due to the high frequency requirement

of these signals, the Vetter FM record adapter could not

^"Honeywell, Test Instruments Div., Denver, Colorado.
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be used for recording EMG.

The samples, however, could

be recorded by an audio tape recorder.

Two such channels

were available to the experimenter on the Crown CX822
tape recorder.
Researchers have found that averaging circuits pro
vide a more easily read EMG pattern (Davis, 1959? Fritzell, 1969).

As a result, EMG integrators'3' or averagers

have been constructed to accompany the raw EMG signal and
are widely used.

It has been shown that the time-aver

aged EMG voltages vary directly with the strength of con
traction in a muscle (Bigland and Lippold, 1954-; Davis,
1959> Lippold, 1952).

Using Newton’s second law, stating

that the acceleration is equal to the force divided by
the mass, it can be concluded that the force and accel
eration are proportional to each other if the mass re
mains constant.

Thus, the time-averaged EMG voltages are

proportional to the forces which cause the tremor accel
erations.
In this study, several EMG averagers were designed
and constructed, the final design being a modification
of the averager that was used by Fritze11 (1969).

The

■'’These EMG response averagers are often referred to
as integrators (Bigland and Lippold, 1954-» Frit ze11,
1969). This is generally a misnomer, since most of these
devices are not true integrators, but rather RMS or peak
detection circuits such as are found in ordinary AM
radios.
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circuit diagram of the EMG averager and the hookup to the
EMG amplifier is shown in Figure 5.

The raw EMG signal

is tapped from pin 5 on the DC amplifier and fed to a
transformer.

This signal is full wave rectified and

averaged in an RC low pass filter circuit with a time
constant of approximately 25 milliseconds.

The time-

averaged signal then passes through a voltage divider to
a very sensitive galvanometer, which writes it out.

This

device produces an output which is proportional to the
root mean square average of the input.

Once the circuit

is calibrated, the EMG gain control adjusts the output of
both the direct and the averaged EMG.
An example of an EMG recording can be seen in Figure
6.

The tracings from top to bottom are:

EMG, chin lead;

EMG, right masseter lead; Average EMG, chin lead; Aver
age EMG, masseter lead.

The groupings of the EMG signals

can be seen in the recording.

The average EMG signals

clearly show the overall muscle activity.

This grouping

of EMG activity presumably corresponds to the frequency
of tremor in these muscles (Scherrer and Metral, 1969).
Scherrer and Metral (1969) say:
When recordings are made from the muscle
as a whole, pather than from the individual
fibres, . . • within limits, the muscle will
respond at a frequency equal to the frequency
of nerve stimulation (p. 632).
However, Marshall and Walsh (1956) and Jurko and
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diagram
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Fig. 6.— Example of jaw tremor recorded by EMG;
from top to bottom: EMG chin lead, EMG masseter lead,
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Fosh.ee (1962), as was pointed out earlier in Chapter II,
failed to find a perfect correlation between tremor and
surface EMG activity.

On the other hand, others have

used this technique extensively for measuring tremor
(Angel, et al., 1969; Caine and Lader, 1969; Lance, et
al., 1963; Lippold, et al., 1957; Scherrer and Metral,
1969).
In order to avoid this controversy, a direct measure
of tremor acceleration was next sought.
Tremor Measurement by Accelerometer
The measurement of acceleration offers several ad
vantages in recording tremor.

It has been pointed out

that the sum of the forces causing tremor is proportional
to the acceleration of the structure under study (Mar
shall and Walsh, 1956).

A tremor recording from an ac

celerometer would thus give a force curve by measurement
of motion.

A Glenite^ A7R-250-30G accelerometer with its

matching M-203 carrier amplifier was made available to
the experimenter.

This was the same type of accelero

meter used by Yap and Boshes (1967)» &hd Brumlik (1962).
The accelerometer itself weighs only 2.6 grams.

The

manufacturer’s specifications show a linear acceleration

^Gulton Medical Instruments, Willow Grove, Penn.
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range to +30G of acceleration.

The damped natural reso

nant frequency of the system is approximately 250 cps.
An upper limit for the faithful representation of tremor
frequencies is approximately one sixth of this natural
resonant frequency'1', or about 40 cps.

The tremor fre

quencies reported in the literature are well below this
upper limit.
The accelerometer was attached to the underside of
the jaw by means of a % inch diameter, double adhesive,
Beckman electrode collar.
the vertical direction.

The axis of sensitivity was in
A piece of adhesive tape affixed

above the tempromandibular joint acted as a strain relief
for the cable.

Figure 7 illustrates the method of at

tachment to a subject, and Figure 8 shows the actual size
of the accelerometer.

This accelerometer also responds

to changes in position with respect to gravity or the
earth’s acceleration.

Mounting the accelerometer on the

underside of the chin kept the instrument nearly hori
zontal throughout jaw movements, and minimized a fluc
tuating baseline, corresponding to a change in the ac
celerometer’s position with respect to gravity.

Gross

head movements can also play a part in this positional

^"Personal communication with Courtney Stromsta,
Ph.D., Department of Speech Pathology and Audiology,
Western Michigan University, Kalamazoo, Michigan.
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Fig. 7.— Accelerometer attachment to subject.

Fig. 8.— Full scale drawing of accelerometer.
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signal.

Looking up toward the ceiling or down at the

floor produced a substantial change in the baseline of
the recording, and therefore the subject was instructed
to look straight forward at all times.

This requirement

became impossible for some individuals during stuttering
blocks.

An example of an acceleration recording of the

jaw during a stuttering block is seen in Figure 9.

The

top tracing is a record of jaw acceleration; the bottom
is the voice signal.

Downward displacements of the ac

celerometer record correspond to downward accelerations
of the jaw.

In this recording, the moment of stuttering

lies between the two voice signals.

The subject was

speaking the phrase '’my mother” and the silent blocking
accompanied by tremor was boundaried in this manner.
The mechanical calibration oscillator built by Alway
and Jones (1969b) was used to calibrate this accelero
meter.

The displacement was kept constant at % inch

peak to peak, and the frequency was varied from 3 to 20
cps.

The output of the accelerometer and carrier am

plifier was recorded on a Beckman "Type R Dynograph" pen
recorder.

The resulting peak to peak voltages were

measured and plotted on a decibel scale as a function of
frequency.
10.

This calibration graph can be seen in Figure

If the displacement of the mechanical oscillator is

held constant, the acceleration will increase propor-
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tionately to the square of the frequency (Halliday and
Resnick, 1962, p. 288-9).

Every time the frequency

doubles, the acceleration quadruples.

This results in

the theoretical 12 dB per octave rising response of ac
celeration transducers.

The calibration curve of Figure

10 agrees closely with this theoretical model, deviating
only in the high frequencies due to a low pass filter in
the recorder input, and to errors in the recorder atten
uator switch.
It seemed desirable to eliminate the wires to the
transducer, and to try to further miniaturize the trans
ducer which was affixed to the speech structure under
study.

For these reasons, a magnetic tremor sensor was

explored for its utility.
Tremor Measurement by Magnetic Induction
Several investigators have measured tremor by de
tecting a changing magnetic field with a coil of wire
(Alway and Jones, 1969a; Dill and Dorman, 1968; Lipton,
1953; Tang and Alway, 1969).

They have described it as

a simple and effective tremor sensor.

This method re

quires no wire connection to the subject and has been
miniaturized to the extent that tremors have been meas
ured on the fore limb of an animal as small as a rat (Dill
and Dorman, 1968).
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It was decided to utilize the method of Tang and
Alway (19&9).

Two 9 inch square pickup coils were wound

with approximately 8,000 turns of number 38 copper magnet
wire.

These coils were wrapped with glass cloth and

heavily varnished, becoming rigid, self-supporting struc
tures.

The coils were affixed to an adjustable headboard

which was anchored to the examination chair.

Aluminum

extrusions were used as additional coil supports.

The

examination chair and coils can be seen in Figure 11.
The pickup coils were spaced 9 inches apart at the rear,
and 7 inches apart at the front.

This arrangement gave

better pickup

sensitivity for the motion of the magnet on

the jaw.

magnet assembly and its location on the

The

subject can be seen in Figures 12 and 13.

The magnet

assembly is merely a small bar magnet, such as that found
in any variety store.

This is glued to a % inch circle

of .02 inch thick phenolic sheet.

This, in turn, is

affixed to the subject by means of a double adhesive tape
such as the Beckman skin electrode collar which was men
tioned in the

sections on EMG and acceleration. The

magnet assembly had a mass of

3 grains.

The movement of the magnet caused an induced voltage
in the pickup coils, according to Faraday's Law of Mag
netic Induction (Ealliday and Resnick, 1962).
Faraday's Law of Induction says that the
induced emf E in a circuit [coil of wire] is

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

69

Pig. 11.— Front and side views of the exam
ination chair and pickup coils.
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Pig. 12.— Subject in position for recording
using magnetic tremor sensor.

8
.020

Pig. 13.— Pull scale drawing of magnet assembly.
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equal to the negative rate at which the flux
[magnetic fieldl through the circuit is
changing (p. 780).
A permanent bar magnet has a stationary magnetic field
around it and cannot induce voltage in a coil of wire
unless there is relative motion between them.

It does

not matter if the magnet moves and the coils remain
stationary, or the magnet is fixed and the coils move.
The output voltage of the coils is in proportion to the
relative velocity or rate of change of distance between
the coils and the magnet.

Larger magnets produce greater

voltage changes in the coils due to their stronger mag
netic field.

The magnet must be small enough in size to

minimally affect the subject, but large enough to induce
a tremor voltage which is greater than the noise of the
system.

With the subject’s head between the coils, and

the magnet affixed to the subject’s jaw, the tremor velo
city of the jaw and magnet was picked up by the coils.
Movement of the coils produced an unwanted signal, since
all relative motion was detected.

In order to achieve

added rigidity of the headboard, the chair was placed in
the corner of the room with a polyurethane wedge inserted
between the headboard and the walls.

The chair was til

ted slightly forward so that the subject’s weight held
the apparatus steady.

The use of two pickup coils in

stead of one offered certain advantages.

These coils
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were connected in series in such a way that pickup of
external 60 cps magnetic fields from electric motors and
power lines was minimized.
trial and error method.

This was accomplished by a

The use of two closely spaced

coils gave a more uniform pickup field.

Motion of the

magnet within the volume enclosed by the coils was de
tected more uniformly than by using one pickup coil.
Maximum sensitivity to vertical motion was obtained by
orienting the north and south poles of the magnet ver
tically on the chin of the subject.
It seemed advantageous to obtain a graph which was
proportional to displacement in addition to velocity.
First of all, it is displacement that the clinician
observes as tremor from a stuttering client.

Most of the

research that has been done on stuttering tremor has
been done with displacement measures (Gunderson, 1949*
Prins and Lohr, 1968).

It seemed desirable to be able to

compare results directly with their studies.

A self

resetting electronic integrator was constructed to con
vert the velocity tremor signal to one of displacement.
This device was built according to the electronic sche
matic of Alway and Jones (1969a).
integration was 5 seconds.

The time constant of

It was found that the jaw

movements during speech were so large in comparison to
the tremor movement, that the graphic recording fre-
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auently went off scale.

This device was extremely sen

sitive to positional head rotation, which again produced
off scale recordings.

For these reasons, it was found

that the direct velocity signal of the tremor sensor was
more appropriate to tremor recording during stuttering.
The pickup coils were wired in a series opposing
manner to cancel external magnetic fields and then were
fed to a filter which was, in turn, connected to a high
gain Analog Devices'2' Model 141A F.E.T. operational ampli
fier with an input impedance of 1 0 ^ ohms. ■ A schematic
of this system can he seen in Figure 14.

This velocity

signal was then either displayed or stored on magnetic
tape for future analysis.

There were some difficulties

with excessive 60 cps noise pickup from the coils.

By

rotating the chair, the experimenter could reduce this
60 cps pickup to where it caused no problem.

However,

the chair and headboard assembly required corner place
ment for mechanical stability.
An alternative to the necessity of obtaining a more
mechanically stable, yet rotatable, chair was to design
and construct a 60 cps notch filter, the schematic of
which can be seen in Figure 15.
matched low loss capacitors.

This filter required

The resistors were variable

in order to precisely tune the filter to 60 cps.

The

^"Analog Devices, Inc., Cambridge, Mass.
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result was a 70 cLB rejection of 60 cps with reference
to 3 cps.

The filter response can be seen in Figure 16.

This graph was made using a Hewlett Packard^1 Model 202 C
signal generator and a B&K^ type 2409 VTVM.

The B&K

voltmeter was operated in the "Slow RMS” response mode.
The frequency response of the oscillator and voltmeter
was measured and found to be flat from 3 cps upward.

The

graph in Figure 16 shows a mild sloping high frequency
loss over the tremor frequency range of 4 cps to 20 cps.
This filter operates optimally with an input which be
haves like a voltage source, and an output which ap
proaches infinite impedance.

Placing this filter between

the pickup coils and the previously described operational
amplifier provided near optimum conditions.

The filter

performed somewhat better in the system than the earlier
test results on the filter alone would indicate.
Calibration of the magnetic tremor sensor was car
ried out in two ways.

The first was by means of a me

chanical calibrating engine described earlier.

This

provided an accurate mechanical calibration in terms of
velocity.

An alternative to this method was to check the

frequency response by means of magnetic induction.
Thirty turns of number 22, plastic covered hookup wire

"'‘Hewlett Packard, Palo Alto, California.
p
Bruel and Kjaer, Copenhagen, Denmark.
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were wound into a 2 inch diameter coil and taped to one
of the pickup coils.

This test coil was then connected

to the Hewlett Packard Model 202C oscillator with 1,000
ohm resistor wired in series with one of its leads.

The

output of the operational amplifier portion of the tremor
sensor was measured by the B&K type 2409 voltmeter.

The

frequency was varied and the resulting voltage recorded.
Since the resistance of the test coil was under one ohm,
and the inductance was negligible for low frequencies,
the coil acted as a short circuit.

The signal generator

supplied a constant peak to peak voltage source for loads
of 600 ohms or greater.

Thus, the signal generator sup

plied a constant peak to peak current through the 1,000
ohm resistor and coil combination for the frequencies
measured, in accordance with Ohm's Law (Halliday and
Resnick, 1962).

The induced magnetic field produced by

the test coil had a constant peak to peak amplitude over
these frequencies according to Ampere's Law (Halliday and
Resnick, 1962).

This system can be used to calibrate the

tremor sensor in terms of relative velocity units.

A

calibration graph of velocity units in dB vs. frequency
can be seen in Figure 17.

If peak to peak displacement

is held constant throughout the frequency range, then the
velocity will increase in direct proportion to the fre
quency (Halliday and Resnick, 1962).

Thus, for every
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octave the frequency increases, the velocity doubles.
This results in the characteristic 6 dB per octave rising
response of velocity sensors.

The calibration graph of

Figure 17 shows close agreement with the theoretical 6 dB
per octave rising response, deviating significantly only
toward 20 cps.

Comparing the unfiltered coil output with

the 60 cps notch filter shows a minimum of attenuation
only at the high tremor frequency range close to 20 cps.
The filtered signal has been normalized according to gain
to a reference frequency of 4- cps.
Figure 18 shows an example of a jaw tremor during a
stuttering episode recorded by the magnetic tremor sen
sor.

This recording was made using the 60 cps hum filter

between the coils and the amplifier.
r,New Mexico” was stuttered.

The entire phrase

Downward movements of the

tremor recording correspond to downward jaw motions.
There are several advantages to using this magnetic
tremor sensor.

First of all, there are no wires con

necting the magnet assembly to the recording apparatus.
Wires connecting a moving object to the recording appar
atus, are both bothersome to the subject, and a source of
potential malfunction to the experimenter.

The magnet

assembly used was ^ inch in diameter and weighed 3 grams.
This could have been made smaller if there were less 60
cps hum pickup.

Disadvantages include the necessity for
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82
a rigid coil mounting, confinement of the subject's head
within the volume enclosed by the coils, and the 60 cps
noise pickup from AC power lines and motors.
Critique of the Methodologies for Tremor Measurement
Three methods of measuring tremor in stutterers were
employed in this study:
and magnetic sensors.

electromyography, accelerometer,
The instrumentation, procedures,

relative merits, and limitations of each have been dis
cussed.

A comparison of these methods seemed in order.

Figure 19 presents a comparison of tracings obtained with
the three methods used for studying jaw tremors in this
study.

The tracings from top to bottom are:

EMC from

the right masseter muscle, averaged EMG from the right
masseter muscle, velocity from the magnetic tremor sen
sor, and acceleration from the accelerometer.

The magnet

for the velocity sensor was placed just above the point
of the chin, and the accelerometer was positioned beneath
the mandible at the point of the chin.

The large ex

cursions in the tracings correspond to large jaw openings
of speech.

There was no voice recorded with this set of

tracings because of the lack of available channels on the
data recorder which was used.

An event marker was used

to indicate an instance of stuttering.
The electromyographic recording (top trace) of the
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Fig. 19.— Comparative recording of three measures of jaw tremor; from top
to bottom: EMC of right masseter, average EMG of right masseter, magnetic sensor,
accelerometer.
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84right masseter muscle is rather difficult to analyze.
The averaged EMG (second trace) shows the grouping of EMG
potentials more clearly.

Downward deflections of the

tracing correspond to increased muscle activity.

The

masseter muscle was chosen because of its accessability
for recording and because of its function of closing the
jaw.

A careful examination of the averaged masseter EMG

shows that these peaks roughly correspond to the peaks
in the acceleration and velocity recordings.

Exact phase

relationships are slightly distorted due to the filters
used in the recordings.

Another observation which can be

made is that small average EMG peaks correspond to some
very large accelerations.

The amplitude of the acceler

ation recording does not seem to be reflected in the am
plitude of the averaged EMG peaks.

This is consistent

with the findings of Jurko and Eoshee (1962) who found
that EMG measure of tremor was unreliable.

Yet one can

not discount the results of Angel, et al. (1969) and
Caine and Lader (1969) who measured tremor by EMG methods.
Caine and Lader (1969) overcame these problems by using a
digital computer to take 128 or more one second samples
of the EMG, and by averaging these samples over a time
period of one second.

Evidently, the inconsistencies in

the EMG signal tend to become insignificant in the long
term average.

Scherrer and Metral (1969) have shown a
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positive correlation between muscle bursts of EMG and an
accelerometer tracing of tremor in the index finger.

An

illustration of their recordings was seen in Figure 2 on
page 23.

It seems then that stuttering tremor can be

measured by the cautious use of electromyography.

It

must be remembered that the term "tremor*1 implies the
overall motion of a structure, and that the EMG records
only the electrical activity of a muscle or localized
group of muscles.

In measuring jaw tremor for example,

there are several groups of muscles involved in opening
and closing the jaw.

Each muscle contributes a force,

which, when added produces accelerations of the jaw as
overall movement.

Thus, the EMG from one muscle unit ap

pears to be inadequate for measuring tremors of a struc
ture such as the jaw, which, is controlled by several
muscles.

Sensors that measure motion in terms of dis

placement, velocity, or acceleration would seem to be
more appropriate for detecting overall tremor movement.
Halliday and Redfeam (1956) have shown that dis
placement measures are inadequate for measuring tremor
peak frequencies during isotonic tasks.
respond to tonic stuttering blocks.

This would cor

The experimenter

further demonstrated with a displacement sensor, con
sisting of the magnetic velocity sensor and an electronic
integrator, that the overall jaw movements were many
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times greater than the tremor movements.
in many unreadable recordings.

This resulted

Thus, repetitions or

clonic stuttering blocks would produce large baseline
shifts corresponding to large jaw openings and closings.
Moreover, up and down head movements shifted the base
line completely off scale.

Velocity and acceleration

tremor measures remained as best choices for examining
stuttering tremor.
It was necessary to make a critical examination and
comparison of the velocity and acceleration transducers,
and the quantities they measured.

Halliday and Resnick

(1962) give a thorough explanation of oscillatory motion.
Figure 20 gives a graphic comparison of displacement,
velocity, and acceleration vs. time (t) for mechanical
oscillations.

In these graphs, A is the magnitude of the

peak displacement and Omega (w ) is the radian frequency
of the oscillations.

Omega is the frequency of the os

cillations in cps multiplied by the constant 6.28.

If

the peak displacement, A, is held constant, then peak
amplitude of the velocity increases directly with the
radian frequency o r w A.

Likewise, the peak amplitude

of the acceleration increases with the square of the
2
radian frequency or to A. This figure also illustrates
the phase differences in displacement, velocity, and
acceleration measures of oscillatory movement.

For
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Pig. 20.— Graphic comparison, of three measures
of oscillatory motion. (Prom Halliday and Resnick, 1962,
p. 239).
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example, when the displacement is maximum, the velocity
is zero, with the acceleration maximum in the opposite
direction from that of displacement.
The mechanical calibration oscillator built by Alway
and Jones (1969b) was used for simultaneous calibration
of the magnetic and accelerometer tremor sensors used in
this study.

The displacement was kept a constant % inch

peak to peak, and the frequency was varied from 3 to 20
cps.

The magnet and accelerometer were affixed to the

same shaft of the calibrator.

The output of both trans

ducers was recorded on a Beckman ’’Type R Dynograph” pen
recorder.

Tne peak to peak amplitudes of these recor

dings were plotted on a decibel scale for easy compar
isons.

These graphs, shown in Figure 21, exhibit a close

approximation to the theoretical 5 dB per octave rising
response of velocity sensors and the 12 dB per octave
rising response of acceleration transducers.

These cor

respond to the uj A term in the velocity amplitude and the
2
u> A term in the acceleration amplitude.
A sample recording of 3 calibration frequencies can
be seen in Figure 22.

As can be seen, there appeared to

be some harmonic distortion in the lower test frequencies
in the output of the accelerometer.
appeared for higher frequencies.

This distortion dis

These calibration re

cordings of the velocity and acceleration sensors com-
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pared favorably with the theoretical phase response pre
sented in Figure 20.

It should be noted that the cali

bration recordings were made on a curvilinear graph which
corresponds to the radius of curvature of the pens.

The

small errors in phase between velocity and acceleration
were presumably due to the phase distortion of the 60 cps
notch filter used with the magnetic velocity sensor.
A further comparison of the magnetic and the accel
erometer tremor sensors was seen in Figure 19.

These

recordings show a side-by-side comparison of jaw tremor
measurements.

The second from the bottom trace shows the

accelerometer signal.

Both velocity and acceleration

signals were passed through low pass filters which sharp
ly attenuated frequencies above 20 cps.

The velocity

sensor shows some 60 cps artifact which was not completely removed by the notch filter.

Both the velocity

and the acceleration tracings show fine motion super
imposed upon the dominant tremor motion.

This fine

motion makes the velocity tracing difficult to inerpret.
The acceleration trace shows these as fine discontin
uities and does not significantly interfere with the
measurement of the dominant frequency.
ments may be head motion.

These fine move

Rhythmic head motion could

move the headboard and coil assembly and would therefore
show up with greater intensity in the magnetic tremor

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

92
sensor, since it is relative motion of the magnet and
coils which this device measures.
Both tracings are readable, but the accelerometer in
this case, gives a better signal.

The magnetic tremor

sensor can also give clear readable tracings as was shown
in Figure 18.

The problems of the magnetic tremor sensor

are the 60 cps noise pickup from motors, transformers and
wiring, the necessity for an extremely rigid coil place
ment, and the relatively confined head position.

The

advantages of this system are the lack of wires connec
ting directly to the subject, and the feasibility of
reducing the size of the magnet which is affixed to the
tremoring structure, thereby affecting the subject as
little as possible.

The measurement of lip tremors would

be an immediate application for miniaturization of the
transducer.

For measuring tremor on larger structures,

such as the jaw or head, the accelerometer is perhaps the
easier of the two to use, and does not demand that the
head be confined to a small area.

Due to their sensi

tivity to rotational displacements with respect to the
earth*s gravitational force, subjects using the acceler
ometer must be instructed to keep their heads in a fixed
posture.

Otherwise, a shifting baseline corresponding to

head rotation will result.

Accelerometer systems are

also commercially available, and have been used with suc-
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ces by several investigators of tremor (Brumlik, 1962;
Marshall and Walsh, 1956; Yap and Boshes, 1967).
Both the accelerometer and the magnetic tremor sen
sor appear to be useful tools for the analysis of stut
tering tremor.

Each exhibits its own merits and diffi

culties.
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CHAPTER IV
AH APPROXIMATION OP THE FREQUENCY
OP JAW TREMOR DURING STUTTERING
Introduction
The first part of this study was devoted to ex
ploring methodologies for detecting stuttering tremor.
Velocity and acceleration proved to he the test measures
of tremor activity during stuttering.

The magnetic tre

mor sensor and the accelerometer were found to be ade
quate for detecting stuttering tremor, with each having
its own advantages and disadvantages.

This chapter at

tempts to answer the second question in the statement of
the problem; "What is a first approximation of the fre
quency of jaw tremor in stuttered speech, using a pre
ferred method of recording?"
Of the two methods recommended, the magnetic tremor
sensor was chosen to investigate stuttering tremor.

The

masses of the magnetic sensor and the accelerometer were
roughly equivalent to each other, and either would be
considered to be of minimal consequence in the recording
of jaw tremor.

In addition, the absense of any wires

connecting the subject to the instrumentation caused the
magnet assembly to move freely as a part of the chin with

94
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no restraints from wires to cause discomfort or influence
the tremors under study.
Subjects, Instrumentation, and Procedure
Three college age males, who were classified as se
vere secondary stutterers, were used as subjects for this
investigation.

The magnet assembly was affixed to the

lower jaw at a position just above the poin4- of the chin.
The subject was seated in the examination chair with his
head positioned between the pickup coils.

His voice was

recorded by an Electro-Voice^ Model 635A dynamic micro
phone, placed approximately 18 inches from his mouth.
This microphone was selected because of its good fre
quency response and excellent magnetic shielding.

Figure

23 shows a subject, the microphone, and the tremor sensor.
The voice, tremor, and event marker signals were fed to
the data tape recorder for subsequent analysis.

The

subject and experimenter were seated in a soundproof
room, with the tape recorder positioned outside the test
room and operated by the experimenter by remote control.
The resulting voice signal was noise-free and easily
analyzed from the tape recording.
The subject was instructed to silently read short

^Electro Voice, Inc., Buchanan, Michigan.
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Pig. 23.— Subject in position for recording
jaw tremors by magnetic sensor.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

97
passages from cards of the SRA Reading Laboratory Kit*-.
The cards chosen for use correspond to twelfth grade
level reading material.

The subject was then instructed

to paraphrase what he had just read without looking at
the card.

The tape recorder was started at that time.

As the stutterer spoke, the experimenter depressed an
event marker switch during observed stuttering blocks.
The process of reading and paraphrasing was repeated with
several reading passages.

This method elicited many

excellent samples of stuttering.
Analysis of Data
The data tape was played back at a later time.

The

experimenter listened to the auditory signal and visually
monitored the tremor signal and event marker in a dual
beam, D.C. coupled oscilloscope.

The location of stut

tering blocks were noted in terms of numerals on the tape
index counter.

The tape was then replayed and the points

of interest were written out on photographic paper by the
light beam oscillograph described earlier.
run at a speed of 5 cm/sec.

The paper was

An accurate phonetic tran

scription of the voice signal was made by repeatedly
playing a short section of tape which was located between

■'"Science Research Associates, Inc., Chicago,
Illinois.
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two index numbers, and observing the graphical recording.
The combined use of the vocal signal and the event marker
signal enabled the experimenter to pinpoint the exact lo
cation of stuttering blocks on the graphic recording.

A

clear acetate sheet was engraved with timing marks in
second divisions.

This template was used to count the

number of positive or negative tremor peaks in a half or
one second interval of time.

The regions of the tremor

record which clearly showed regular oscillations in the
area established as a stuttering block by the voice and
event marker signal, and immediately preceded the ini
tiation of a successful speech attempt, were used to es
timate tremor frequency.

Some records of stuttering

blocks were unusable because of artifact due to excessive
head motion.
Results and Interpretation
The mean, range, and number of samples of jaw tre
mors for the 3 subjects during stuttering blocks are
shown in Table 1.

The mean frequency of jaw tremor of

the means of all three subjects was 9.3 cps.
This value, although only an approximation, dis
agrees with the mean value of jaw tremor frequency found
by Prins and Lohr (1968) of 5.79 cps.

Van Riper (1970)

reports that the average rate for stuttering tremors is

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

99
7 cps.
Table 1
Frequency Analysis of Jaw Tremor During Stuttering

Subjects

No. of
Samples

Range (cps)

Mean (cps)

JP

17

7.5 to 13.0

10.1

EM

12

7.0 to 13.5

9.8

BR

11

7.5 to

8.1

9.0

The discrepancy between the tremor frequency found
in this study, that found in the study by Prins and Lohr
(1968), and that cited in Van Riper (1970), was not sur
prising.

If one looks back at the relative frequency

responses of displacement, velocity, and acceleration
transducers, it is evident that the displacement trans
ducer emphasizes the low frequency tremor spectrum, while
the velocity and acceleration transducers emphasize the
high frequency tremor spectrum.

If the mechanism which

is causing tremor in stuttering is intimately related to
force, then acceleration measures give the best repre
sentation of tremor frequency.

In order for a structure

such as the jaw to oscillate, there must be forces
causing the movement.

The only available forces are the

constant downward pull of gravity and those varied forces
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supplied by the muscles.

According to Newton’s second

law, the sum of all the forces acting on a body are pro
portional to the mass of the body multiplied by the ac
celeration of the body.

Since the mass of the tremoring

structure and the force of gravity remain constant, the
acceleration is directly proportional to the sum total of
all the muscle forces which are acting on the tremoring
structure.

An accelerometer recording gives a true rep

resentation of the sum total of all these forces causing
the structure to tremor.

A displacement recording ef

fectively reduces the high frequency portion and empha
sizes the low frequency portion of a tremor spectrum at a
rate of 12 dB per octave.

A calibration graph for the

velocity and acceleration transducers was presented in
Figure 21.

When the displacement was kept.constant and

the frequency of oscillation varied, the velocity sensor
showed close agreement to the theoretical 6 dB per octave
increase in its output with increasing frequency.

The

accelerometer, in a like manner, showed a 12 dB per oc
tave increase with increasing frequency.

If the acceler

ation had been kept constant throughout the frequency
range, corresponding to a constant force amplitude curve,
the velocity measurement of this constant amplitude force
would fall at a rate of 6 dB per octave, as the frequency
increases.

In the same manner, a displacement sensor
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would show a 12 dB per octave fall as the frequency in
creases.

Displacement recordings then, do not give a

true representation of the oscillatory characteristics of
tremor forces.

Velocity measures lie between the two ex

tremes of displacement arc1 acceleration, and are more
representative of tremor frequencies than displacement.
Figure 24- shows a theoretical family of curves represen
ting displacement, velocity, and acceleration measures of
a constant oscillatory force which is varied over the
frequency range from 1 to 20 cps, thus providing a gra
phic illustration of the above concept.
The mean frequency of jaw tremor during stuttering,
as found by this study, is only an approximation.

How^

ever, these results indicate that the stuttering tremor
lies in the frequency range of normal physiological tre
mor.

Marsden et al. (1969) found a 9 cps peak in normal

physiological finger tremor using velocity measures.
Marshall and Walsh (1956) found a 10 cps average normal
physiological finger tremor using acceleration.

These

results demonstrate the need for continued research on
stuttering tremor.
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Pig. 24.— Theoretical calibration of displace
ment, velocity, and acceleration measures of a constant
amplitude force oscillator.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary
The purpose of this study was to explore the metho
dologies for recording stuttering tremor in running
speech, in order to find the best method, which used a
minimum of restraints.

Several methods were explored.

Electromyography was found to he useful, hut not always
reliable.

Displacement measures of stuttering tremor

were found to he inaccurate, cumbersome, and difficult to
interpret.

Acceleration and velocity measures proved to

he the best methods for examining stuttering tremor.
A magnetic tremor sensor, which measured velocity,
had the advantages of a small sensor with no wire con
nections to the subject.

Its disadvantages included re

stricted head movement between two pickup coils, the re
quirement for motionless, rigid mounting for the coils,
and a pickup of 60 cps noise.

A miniature accelerometer,

measuring acceleration, was found to be the easiest
transducer to use for measuring jaw and head tremors
during stuttering.

It offered the advantages of directly

measuring force of tremor as well as acceleration, easy
application, and relatively little head restriction.
103
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disadvantages were wires running from the transducer to
the recording aparatus, and its sensitivity to changes in
position with respect to the gravitation of the earth.
The latter required the subject to look straight ahead
when jaw tremor was being recorded.
A second purpose of the study was to use a preferred
method for making an approximation of jaw tremor fre
quencies during stuttering.

Three college age male sub

jects, classified as severe secondary stutterers, were
selected for this study.

The magnetic tremor sensor was

used for recording jaw tremors during stuttering.

A mean

value of 9.3 cps was found for stuttering tremors of the
jaw.

This value, although an approximation, disagrees

with other research on stuttering tremor.
Conclusions
The purpose of this study was to explore the metho
dologies for recording stuttering tremor, and to make an
approximation of the frequency of jaw tremors during
stuttering.
1.

The conclusions of this study are as follow:

Electromyography was found to be a useful, but

unreliable method for measuring tremor in speech struc
tures which are controlled by several muscle groups.
2.

Displacement measures of stuttering tremor were

found to be inaccurate, cumbersome, and difficult to in
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terpret for frequency analysis.
3.

Velocity and acceleration measures were found to

give more accurate determinations of peak tremor fre
quencies.
4.

The accelerometer and magnetic tremor sensors

were each found to have individual advantages and dis
advantages.

The accelerometer was found to he the easier

to use.
5.

Using the magnetic tremor sensor, the mean fre

quency of jaw tremor during stuttering was found to be
9.3 cps for the 3 subjects used.

This value is consi

dered an approximation.
Recommendations
There is clearly a need for more research on stut
tering tremor.

Future researchers should be constantly

on the watch for continued developments in electronics,
resulting in miniaturization and better methods for tre
mor detection and analysis.

The areas of spectrum analy

sis and computers offer challenging applications to stut
tering tremor analysis.

As yet, there are no norms for

physiological tremor in the speech structures of normals,
and this information is needed in order to link stut
tering tremor to normal or pathological patterns.

What

is now known about physiological tremor comes mostly from
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research, on arm and finger tremor.

It might he inter

esting to attempt to find a relationship between tremor
and stuttering severity.

This might give a quantitative

estimate of stuttering severity which could be helpful in
determining the progress of therapy.
In short, future researchers in this field are
challenged to be imaginative.
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